Smoking and depression are among the most common and serious health problems in the world. More than 25% of smokers are reported to show some symptoms of depression 1) , and 70% of men and 80% of women with a history of major depression are estimated to have a smoking habit 2) . The relationship between smoking and depression has shown an association between smoking and depression, but the causal relationship is unknown. Thus in the present study we have two research tasks: one is to conduct a cross-sectional study with the database for the first year in order to clarify the prevalence of major depression in smoking status. In addition to smoking status, the Brinkman index 3) was used as a nicotine parameter to examine the causal relationship of smoking to depression. The second task is to conduct a cohort study, examining the causal relationship of major depression in the first year to smoking in the following year by assessing the risk of smoking progression or the potential for smoking cessation associated with prior depression. To investigate the causal relationship between smoking and depression in both directions, the risk for the onset or improvement of depression associated with the prior smoking status was also examined in the present study.
Materials and Methods
The study subjects included 1,060 workers (attendance rate: 85%), who met the following criteria: 1. those who were able to take health examinations in both 2001 and 2002; 2. ages 20 to 65 yr; 3. native Japanese; 4. those who consented to taken psychological interviews. The average age ± standard deviation was 35 ± 10 yr, and the number of daily working hours was 10 ± 2 h. Major depression diagnosis was made by the same interviewer, according to the depressive-mood algorithm of the Primary Care and International Version of the Diagnostic and Statistic Manual of Mental Disorders, Fourth Edition 4, 5) .
And the subjects completed a questionnaire on healthrelated lifestyles including smoking status, alcohol drinking, eating breakfast, regular exercise, sleeping hours, and working hours in the past month. Smoking status was classified into three categories: current smokers who smoked at the time of the interview, past smokers who had smoked but who did not smoke at the time of the interview, and never smokers who had never smoked before. Those who were current or past smokers filled in the questions about smoking amounts per day and smoking years to calculate the Brinkman index (daily cigarette numbers multiplied by smoking years). The following 12 common somatic symptoms were selected for analyses based on our previous study 6) : fatigue, headache, insomnia, back pain, abdominal pain, joint pain, dizziness, chest pain, constipation, palpitation, nausea, and shortness of breath. Symptoms occurring once a week or more were defined as positive, and the total somatic symptom count (0-12) was calculated by summing up the number of symptoms counted as positive 7) . As cross-sectional study, chi-square test was done to find differences in the prevalence of major depression among the smoking status groups. Then multiple logistic regression analysis was done to find the effects of the smoking status (never, past, and current) or Brinkman index (0, 0 to median, and median or more) on the prevalence of major depression after controlling for the effects of age, variables of health-related lifestyle, total somatic symptom count in each sex.
As a cohort study, the subjects were classified into 4 groups according to the change in major depression during the year. Concerning the non-major depressive subjects in 2001, those who became major depression in 2002 were defined as an onset group, and those who continued to be non-depressive in 2002 as a non-depressive group. Concerning the major depressive subjects in 2001, those who recovered from major depression in 2002 were defined as an improvement group, and those who were still major depressive as a persistent group. And for detecting the influences of major depression on smoking, the subjects were also classified into 4 groups according to the change in smoking status during the year. Concerning past or never smokers (non-smokers) in 2001, those who became current smokers in 2002 were defined as a smoking-progression group, and those who continued to be non-smokers in 2002 as a non-smoking group. Concerning current smokers in 2001, those who quit smoking in 2002 were defined as a smoking-cessation group, and those who continued smoking as a currentsmoking group. To examine whether prior major depression predicted the smoking in 2002 or prior smoking predicted the depression in 2002, multiple logistic regression analysis was used to calculate the odds ratio for smoking progression or cessation in association with prior major depression in 2001 as well those for 
Results
In the cross-sectional study, 38 subjects (25 men and 13 women) were diagnosed with major depression. Of the men diagnosed with major depression, 10 were current smokers, 2 were past smokers and the remaining 13 were never smokers. In women, it was 2 for current smokers, 3 for past smokers and 8 for never smokers. The prevalence of major depression in men (women) was 6.5% (7.4%) for current smokers, 2.4% (18.8%) for past smokers and 2.7% (2.8%) for never smokers, respectively (p<0.05 in both sexes). The relationship between past smokers and depression was significant only in women, after controlling for the effects of age, variables of healthrelated lifestyle, and total somatic symptom count (Table  1) . Concerning the Brinkman index, median values were 150 in men and 50 in women. The prevalence of major depression in men (women) was 5.2% (14.3%) for heavy smokers [Brinkman index>median] , 3.4% (9.5%) for light smokers [0<Brinkman index≤median] , and 3.0% (2.8%) for never smokers [Brinkman index=0 ], respectively (p<0.05 in women). Although the sample number was relatively small, the prevalence was more than 5 times greater in the heavy smokers and more than 3 times greater in the light smokers, compared with the never smokers in women (p<0.05). This dose-response relationship between the index and the prevalence of major depression remained significant in women, after controlling for the effects of age, variables of healthrelated lifestyle, and the total somatic symptom count (Table 1 ).
In the cohort study, out of the 1,016 non-major depressive subjects In every group, the odds ratios were insignificant, after controlling for the effects of healthrelated lifestyles or the total number of somatic symptoms.
Discussion
In the present study, the prevalence of major depression in men was the highest in the current smokers, but in women it was the highest in past smokers. Although the present finding of the high prevalence of depression in current smokers of both sexes was compatible with several previous reports 1, 2) , it was interesting that the prevalence of depression was higher in the female past smokers than in the female never smokers as well. These sexual differences were reported in a previous Japanese study 9) . Many substances such as nicotine, tar, and carbon monoxide are inhaled through smoking, and Japanese women might have less blood hemoglobin carbon monoxide binding capacity than Japanese men have. Furthermore, nicotine acts mainly at a receptor for the neurotransmitter, acetylcholine, indirectly stimulating the release of another neurotransmitter, dopamine, in relation to the brain's function of interest or motivation 10) . In our cross-sectional study, the prevalence of major depression in women was relatively high with significant relationships to both past smoking status and the Brinkman index. It was therefore suggested that smoking might increase the risk of depression especially in women, although the results were insignificant in our cohort study.
There are two major limitations to the present study. A sampling bias should be mentioned as a possibility because the subjects in the present study were selected from one research institute. The subjects' average age (35 yr) and ratio of women (31%) were both lower than those from the national data on workers (40 yr and 41%) 11, 12) . To take these two important factors of age and sex into consideration, all analysis were separately performed for each sex, controlling for the effects of age as well as for those of somatic symptoms and some health-related lifestyles. In the future, a study controlling every major health-related lifestyle should be performed on the structured interview base in Japan. Second, major depression was diagnosed only by clinical interview, not a standardized psychiatric interview like the Structured Clinical Interview for DSM-IV, but the same physician who was experienced in research on the DSM-IV assessments evaluated all the subjects to minimize misdiagnosis 6) . The WHO Framework Convention on Tobacco Control has stated that accumulation of research evidence is indispensable for the promotion of a public strategy 13) . Furthermore, the Japanese policy of healthcare 14) deals with smoking and mental health as top priority issues in Japan. In this connection, the present study will help our understanding of the physiological and psychological conditions of smokers, and we should urge more researchers and practitioners to be involved in studies on the exact mechanism linking smoking and depression.
